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OUTSTANDING SUCCESS OF SOVIET COSMONAUTICSl
by

V. Avduyevekly, V. Shevskly, M. Marov and V. Moroz

On the threshold of the 27 -th Congress of the CPSU*ﬁ domertic sclence
| and engineering have achieved new outstanding successes in the lrvestigution
Ey of the planet Venus., On 22 and 25 October 1975 the descent vehicles of

the "Venera-9" and "Venera -10" transmitted, for the first tlme in the his-
tory of cosmonautics, pietures of the planet surface to earth, and the probes
. themselves became its first artificial satellites. '
f The "Venera-9" and "Venefa-lo" were launched on 8 and 14 June 1975,
respectively. Two days before flyby of the planet, the descent vehicles

were separated from the probes and later performed the first soft landings
on the lit side of Venus invisible from earth at this time. After separation
the probes were injected into twransfer orbits and then into orbits of arti-
fleinl satellites of the planet with the parameters:

meximum distances from Venus surface (at apocenters) - 112,200 & 113,900 km;

minimum distances from surface (et pericenters) - 1,510 & 1,620 km;
r inclinations of orbits to Venus equetorial plane - 34°10' and 29°30';

periods of rotation - 48 hours 18 minutes and 49 hours 23 minutes.

In order to transmit scientific information, an original bvallistic
scheme was developed which assures the requisite mutual spatial arrangement
of the probes and the descent vehlcles. All the information received by each
descent vehicle was transmitted to "its" probe, starting a communication
gsession with an artificial satellite ut Venus, and was then relayed to earth.

‘The Soviet interplanetary probes to study Venus in 1967 and 1972 °
were produced by a gradual modification of the "busic" space vehicle "Venera=U4'",
The formulation of new sclentific problems, including teking pictures of the
surfice und comsiderable expansion of the composition of the scientific appu-
ratus, did not permit utilization of the buslc model. Hence, o new kind of
probe was produced.

The "Venern-9" and "Venera-10", cnch of which ineludes the probe and 4

*  the descent vehiele, are analogous in construction und equipment. The probes®

woipght (after injection into the transfer trajectory to Venus) wus 4936 kp i
and 5033 kg, and the welght of cuch des cent vehicle with its heat shield
cusing (after sepuration from the probe) was 1560 kg .

¥CPoU = Communist Party of the Soviet Union
lRasic translation provided by Morris D. Friedman, Lockheed Missiles & Space Co.
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DESCENT AND LANDING ON THE SURFACL
A study of the clouds located at an altltude of about 60 km , exten-
aive4inVQstigations of the atmospherc, tuking o pleture of the surfuce after
. Clanding thereon, and conducting sclentifle experlments wvere in the resciarch
progrum of the "Venera-9" and "Venera-10" descent vehicles. This required
the development of a new descent and landing scheme, which would assure u
slow letdown in the cloud layer, rapid passnge through the main thickness
of the hot and densc atmosphere investigated earlier, and also a lov landing
veloclty. .

The descent vehicles entered the planet.atmosphere at angles of ‘20.50
and 22.50 to the local horizoﬁ, respectively. After aerodynamic decelera-
tion, the cover of the parachute compartments were Jjettisoned at about a
65 km altitude, and the pilot parachutes and the parachutes to remove the
upper parts of the heat-shield casings were deployed simul taneously. The
descent velocity was reduced from 250 to 150 m/sec. Then the drag para-
chutes were deployed, the radio complexes were switched on, and information
“transmiss ion was started. |

The drag parachutes having worked for 15 sec diminished the velocity
of descent to 50 m/sec'. The three-canopy main parachutes, 180 me in
total area, were deployed at altitudes on the order of 62 xm . The lbwar

.~ hemispheres o the heat-shield casings were separated I seconds later.

. The descent vehicles passed through the cloud layer in approximately
20 minutes, after which the parachutes were discarded. A further diminution
in the letdown velocity was achleved hecause of the rigid'aerodynamic decele=-
ruting.units. After jettlsoning of the parachutes, the letdown velocity of
the descent vehicles hence first started to increase and diminished to approxi-
mately T m/sec near the surface because of the rise in density of the.utﬁos-
phere. The lunding units, which are thin-walled toroidul shells, vere
deformed during landing, thereby absorbing the energy of the impadt, and
assured an oriented position of the descent vehicles on the surfuce.

The covers protecting the telcephotometer illuminubars Prom contamination
wore discarded at the time of landing, and the booms of uhe radintion densito-
meters wore released soun afterwards und extonded on the surface.

Tronsmission of the televislon punorams by each desceunt vehicle started
approximitely 2 minutes after landing und lasted the whole time of their
opcrutibn. ‘Dot from the seientific appuratus and service infonuwition :.l.oub
the state of the onboard instruments und their operating conditions wus sentb

over these sume radio Links periodically. Informition wus transicitted fov




53 minutes from the "Yenera-9" and for 65 minutes from the "Venoprn-10"
~ - descent vehiecle,
RESULTS OBTAINED
. S " The information obtained by the Soviet "Venera" probes in 1967-L972

were the busils for composing the significantly more complet. rescarch program
on the "Venera-9" and "Venern-10". A single complex of instruments was pro-
duced for the purpose of a thorough study of the Venus atmosphere, its cloud
layer, the surface of the planet and the néar-planet_sPace. The composition
of the apparatus on both probes is identical.

DESCENT VEHICLES

The following scientific apparatus was mounted on the descent vehicles:

a]

A‘panoramic telephotometer to study the optical propertiés and to obtadl
images of the surface at the landing site;

A photometer to measure the light fluxes in the green, yellow, and red
rays and in two sections of the near-infrared spectrum range (a band up to
1p)s |
" A photometer to measure brightneés of the atmosphere iu three wave-
length bands around 0.8 B and also t0 obtain data about the chemical com-
position of the atmosphere by an optical spectrum analysis method;

A complex to sfudy the optical characteristics of the atmosphere and
clouds by measuring the radiation intensity of an artificial light source,
scattered by aerosol particles, which includes two instruments. One operated
at 63 - 34 km altitudes, and the other at 63 - 18 km ;

Pressure and temperature sensors operating from thé 63 km altitude
down to the surfece; '

— Accelerometers to messure the g-forces originating during the aero-
dynamic deceleration phese when the vehicle entered the autmosphere; .
A mass-spectromete. tb measure the chemical composition of the atmos-
phere, which made measurements on the 63 - 3% km altitude phase;
An anemometer to deterimine the wind veloeity on the plunct surface;
A pamma spectrometer to determine the content of natural radiouctive
Clements in the Venusinn roeks. The instrunent recorded the intensity ond
spectral composition of punmni rodiation;
A radiation densitometer to determine the density of the soil in the
gurfuce layer of the plunct. The operating prineiple of the instrwnent is
~ hased on a dependence existing between the density of' the rock and the inten-
sity of the pamma radiution it scutters, whieh has been produced by o sonrce

mounted on the densitometer.




T RO RSN EEN Te pTe  meme——

A larpge volwane of information, whleh 18 prosently belng procassod, wan
obtalned ng o reoult of measurcmeats from the deseent vehieles, A nmunber of

preliminary deductions cun be maude on the busls of un anwlysis of the materlul,

K Measurements of the atmosphere pressure and temperature conflrmed the

dependence of these characteristlics on the altitude, which had heen estublilshed
during the preceding flights, and the model of the Verms atmosphere constructed
on thelr basis., The temperature and pressure on the surfuce were 160°C  and
90 atm at the landing sites.

A considerable volume of mass-gpectrometer: information permits expan-
sion of the representatioh of the chemicsl composition of the atmosphere
and the cloud layer. 4 '

Data about the brightness in the carbon divxide and water vapor bands
show that water vapor in the 35 - uolkm altitudes is approximately one
one-thousandth of the carbon dioxide. ‘

A large volume of material has been obtained about the optical properties
of %“he atmosphere and its cloud layer. They permit a judgment about such
imp .nt characteristics of the atmoéphere as the position, structure, and
ir ..sity of the cloud cover, the concentration and mean size of aerosol
particles in and below the clouds, the magnitude of solar radiation absorp-
tion at different altitudes in the atmosphere and on the Venus surface.
Additional information about the cloud composition is yielded by the change
in the epectrum composition of light as it passes through the cloud. The
résults of a preliminary analysis show that the aerosol is distributed non-

uniformly in the atmosphere. Its main layer, representing the cloud particles,

.15 above 49 km , the clouds themselves are sufficiently transparent and

substantianlly less dense than on earth. Scattering particles of differeut
chemical composition are apparently present in the atmosphere.

According to photometric ﬁeasurement data, the illumination on the
Venus surface turns out to be about 10000 lux , which corresponds, on
earth, to illumination in the middle latitudes at midday when the sky is
overcast,

According ﬁo the data on the Doppler frequency shif't of the radlo
signal transmitted from the descent venicle, the wind veloeity wt differcent
altitudes was determined. Processing the results of these measurcments showed
that the structure of the atmospheric currents on the descent phuasces ol both
vehicles is gquite similar and, on the whole, conlirms the structure found L.y
measurements of the "Venern-8" radio signnls,

The locnl wind veloeity on the surface was 0.4 - 0. m/Suc ceeotling
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to preliminary data during the whole time of "Wencra-9'" operation, and
0.8 - 1.3 m/sec in the replon of’ the "Wenera~10" landing.

The content of natural radioasctive elements in the Venusiun rock was

. estublished on the basis of a gamma radlotion annlysis as: potassiwa 0.3 3

t.orium 0.0002 , and uranium 0.000L percent., This corree)onds Lo the most
widely ejected rock from the earth's erust, basalt, and indlicates that rock
enriched by natural radivactive elements is present on the Venus surface,

as compared with thelr expected mean content on the planet., Such a crust
could only be formed during separation of the Venus material on the shell
during its evolution in the course of millibns of years. The most velatile
fraction of the melt, enriched by potassium, thorium, and uranium. from
whiceh thecrust was evidently formed, hence emerged on the surface.

A comparison of the data about the moon, earth, Venus and Mars indicates
that a4 s8in e geochemical process proceeds in apparently all the planets of
the earth group, separating them into shells, of which the upper, the crust
consists primarily of basalt. Processing the results obtained'by using the
densitometer of the "Venera-10" descent vehicle showed that, with great con-
fidence, the rock at the landing site has a 2.7 - 2.9 g/cm density. This
quantity agrees with the deduction about the basalt composition of the crust.

On the basis of measurements from the "Venera-8" it could be assuned
that under almost middey illumination conditions it turns out to be possiﬁle
to obtain a picture of the landing site without using artificial light sources.
This assumption was Jjustified. The panoramas transmitted are of special
interest.

The landscape at the landing sites turned out to be different. A
razval of rocks predominantly several tens of centlmeters in size 1is seen
in the panorama transmitted from the "Venera-9'" descent vehicle, while theb
punorama of the "Venera-10" descent vehicle landing area exhibits a smooth
surface on which slightly elevated rocky clumps are 8crhe The depressions
between them are covered by a layer of fine-grained soil. The region is
probably in a compressed surface of the lowland or plotenu type. Many rocks
in o seetion of the "Venern-9" landing site have o sulfficiently sharp outline.
This indicotes that the observed landscape is not very old in the pgoologsden
time scale. The outcrops of excavated rocks at the "Vonera-10" landing site
have o spotty, piltted surface and smwoth edpes, which indicates processes ot
changes in indigenons mountain rocks und matrrity of the Lundscunes

Compared to other planets, the Venus conditions o clogout to hue

conditions of mapmatic rock crystillization, whileh showld coniriiube Lo

Yrazvel = disinteprated blocks piled up on mountain sloper.

—
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keeplng tham on the surface. At hiph temperatures the enrhon dloxlde nlwod-
phofu of the planet 18 not chemtcally nctlve with respeet to such rocks,
Dosplte the high density of the atmosphere, the Corces of lnpuctse botwenn
spurtleles is émall because of the low wind veloclty at the surface, which
should not result in smoothing the relilef because of erosinn and tne loss
of fine dust in the atmosphere,
Further processing of the dato promises new important informution about
the nature of Venus.
ARTIFICIAL SATELLITES OF VENUS
Artificial satellites of Venus permit conducting many investigations
which are imposgible to conduct from earth. Small mounted astronomical
instruments yield much more detailed information about the planet (the reso-
lution is tens of times better than the largest ground based telescopes).
Multiple systematic investigations of the very same areas of the planet from
different directions afford the possibility of surveying it as a whole, of
reprééenting the total picture of the cloud cover, and of studying its changes.
Investigations using artificial satellites of Venus are carried out in
three main directions.
1. Study of the cloud layer with optical instruments. Used for this

are:

A panofamic carera (yilelds pictures of the cloud layer);

An infrared spectrometer (measures the intensity of the absorption
bands of the.atmOSPheric gases and the reflexivity of the clouds in the'
1.5 - 3p wavelength bend);

An infrered radiomeler (measures'the temperature of the cloud cover in
the 8 - 30 m wavelength range) ;

‘A photometer (measures the brightness of the cloud cover at ultrayioiet
rays at the 3500 & wavelength);

A photo-polarimeter (measures the brightuess and polarization of' the
solar radiation reflected by the cloud cover in the 4000 - TOO0Y n wavelaength

runge) ;
A spectrometer (2100 - TO00 R range) to investignte the structure of
the layor ahove the clouds.
2, Study of the upper stmosphere by radiophysiceal and opticai means,
The radiophysicul exporiment 1s based on the translucerce ot the plunct
P atmogphere by radiation of the probe radio transmitters prior Lo 1ts sutbing
behind the edpe of the planet and af'ter 1ts piga,  The altitude jprorile ot

the temporature and progsure {{ncluding even the relatively low Layers of




the atmosphore) and the electron concentration in the Tononphere cun be
dotermined by means of tho lata drom measurilup this radiation,
The upper atmosphere is investipated by optical methods by two lnstru-
aents:  the photometer measures the solaw radintion scatbered by hydrogen
atons in the outer iuyern of the atmosphere, and the spectrometer wousures
the lumlnescence of the Venus atmosphere in the 3000 - 8000 R TONEE
= 3, Study of the interaction between the solar wind, the flux of

charged particles issuing from the sun, and the planet.
To do this, a magnetometer, & plasma electrostatic spectrometer, and
charged particle traps are mounted on the satellites.
. Detsils on the Venus disc, which are almost indistinguishable in the
: visible rays, are noticeable in the near ultraviolet band (about 3500-4000 ﬁ
wavelengths)} Sufficiently stable dark spots, bands-by which the velocity of A
cloud-motions is determined, are observed here. Pictures of the cloud éover

. with such details are obtained in ultraviolet rays.

Measurements made simultaneously by the optical instruments during
satellite passage through the pericenter have already yielded e large volume
of information. . Joint processing of the results of these measurements in
combination with the data from the descent vehicles assists in refining the
cloud layer composition and configuration.

A preliminary analysis of part of the information showed the following.

The cloud temperature at their upper boundary is about - 3500 with
negligible fluctuations from section tp sccetion; the cloud temperature on 1
_the night side is'approximately 10° higher than on the day side. The

» brightness in ultraviolet rays varies along the disc within 20% limits
f sometimes simultaneously with the changes in temperature.

Radioscopy afforded the possibility of a sufficlently detailed
study of the vertical cross-sectlon of the atmosphere in four regions above
the day and night sides of the planet ut 40 - 80 km altitudes. The complex
configuration of the temperature profile wus clarifie&. It diminishes with
altitude, but local rises arc observed at the 66 - Y1 km level, which
visibly indicates a multistage cloud cover configuration, It appeared to
be similar on the duy und night sides.

The Venus ionosphere is closer to the planct and thinner thoen on enrth.
The electron concentration on the day side is considerubly greater thon on
the night side but is approximately one~tenth that on carth., Consideruble
variubility is charncteristic for the nipght ionosphere,

Repented recording off the Venus nipht sky luninescence sinovoed thet 1ts

i __J




s

spectrum 18 olnilar to the luninesgcnce spectrum ol enrth's night sky.

Proccsses occurring durirg interactlon between the golar wind and

Venus nre studied I'rom the sntellites, Sinultancous dotn nbout the cleetron and fon
concentrntlon and tempernture on both sldes of the shock front near Yeuuis havae

been obtuined and the electron characteristics in the opticnl shade produccd

by the planet have also been meusured. _

The flight of the wrtificial satellites und the investipgations of the
planet continue. The new outstanding successes of Soviet sclence and engl-
neering again confirms the ~normous possibilities of autovmutic space vehicles

for discovering the secrets of planets and the universe.




